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ABSTRACT:

The development of antibiotics has been one of the most transformative advances in medical
science, significantly it also reduces the mortality rate caused by bacterial infections. Since the
discovery of penicillin in 1928, successive generation of antibiotics have been developed
through both natural product discovery and synthetic chemistry. However, the rapid emergence
of antibiotic -resistant pathogens poses a major global health threat, undermining current
treatment regimens. Recent research has shifted towards novel approaches, including
antimicrobial peptides, bacteriophage therapy and genome guided drug discovery. Moreover,
advances in genomics, bioinformatics and high-throughput screening have revitalized the
search for new antibiotics.This abstract outlines the historical evolution, current challenges and
future directions in antibiotic development emphasizing the urgent need for innovation and
global collaboration to combat antimicrobial resistance.

INTRODUCTION:

Antibiotics are powerful drugs that have
revolutionized medicine by treating bacte-
rial infections and enabling complex medi-
cal procedures. However, their widespread
use has led to challenges such as antibiotic
resistance, environmental contamination
,and impacts on human and animal health
It work by targeting bacterial cell wall ,pro-
tein synthesis, DNA replication or meta-
bolic pathways. Resistance spreads rapidly
,especially with overuse and misuse in
medicine leads to multidrug-resistant path-
ogens. They are essential for treating infec-
tious diseases and enable vital therapies and
procedures. However, despite this success,
their use continued use in 21 century is im-
periled by two challenges. The first is that
the microbes targeted by these drugs evolve
antibiotics have drastically changed mod-
ern medicine and extended the average hu-
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resistance over time. The second is that an-
tibiotic discovery and development are no
longer cost effective using traditional reim-
bursement models. So, The future of antibi-
otics requires innovation in a field that has
relied on highly traditional methods of dis-
covery and development. It requires sub-
stantial changes in policy, quantitative un-
derstanding of societal value of these
drugs, and investment in alternatives to tra-
ditional antibiotics .

HISTORICAL AND EVOLUTIONARY
PERSPECTIVES

From penicillin to present: A historical re-
view of antibiotic development:

The first antibiotic, salvarsan was de-
ployed in 1910.In just over 100 years

man lifespan by 23 years. The discovery of
penicillin in 1928 started the golden age of

15



REVIEW ARTICLE

ISSN:3108-3218

e
lLuJJ BTS International Advanced Pharmaceutical Sciences Journal Eg\
BTS International
Vol 01 | Issue 08 | August 2026 Journal homepage: www.btsempire.com Advanced  eai

BTS EMPIRE

Sciences Journal

natural product antibiotic discovery that
peaked in the mid1950s .since then, A grad-
ual decline in antibiotic discovery and de-
velopment and evolution of drug resistance
in many human pathogens has led to the
current antimicrobial resistance crisis .In
1982, ALEXANDER FLEMING was the
first to discover the antibacterial substances
secreted by the penicillium mould and con-
centrate the active substance involved ,giv-
ing it the name penicillin. His success in
treating Harry Lambert’s streptococcal
meningitis, an infection until then fatal,
proved to be a critical moment in the medi-
cal use of penicillin. Antibiotic resistance is
now a major global health threat ,with mul-
tidrug — resistance bacteria making infec-
tions harder and more expensive to treat.
The pipeline for new antibiotics has dwin-
dled due to scientific ,economic ,and regu-
latory barriers ,with fewer companies in-
vesting in antibiotic research and develop-
ment. Most current infections can still be
treated ,but clinical failures are increasing
and some bacteria are resistant to nearly all
available drugs. Future innovations in-
cludes new technologies like genome min-
ing ,editing and advanced structural biology
are enabling the discovery of novel antibi-
otics and drug targets .Alternative ap-
proaches includes narrow -spectrum drugs
,bacteriophages, monoclonal antibodies,
vaccines and improved diagnosis.

GOLDEN AGE OF ANTIBIOTICS
WHAT WE LEARNED AND WHAT
WE LOST:

Historically, antibiotic discovery has
been crucial in outpacing resistance and
success is closely related to systemic proce-
dures platform followed by the platforms of
semi-synthesis and fully synthetic antibiot-
ics. During 1940s to 1970s, it transformed
medicine by drastically reducing the deaths
from infectious disease and enabling mod-
ern medical procedures. The key ad-
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vantages are discovery of major antibiotic
classes to treat diseases and increased life
expectancy also enabled modern medicine
and ensures safe surgery procedures, cancer
and transplants. What we lost is that this
overuse of antibiotics led to antibiotic re-
sistance and decreases the effect of drug
Rising in antibiotic resistance threatens the
advantages of procedures like surgeries
,cancer treatments and organ transplants.

NATURALAND SYNTHETIC ANTIBI-
OTIC, EVOLUTION OF DISCOVERY
STRATEGIES:

Natural antibiotics were discovered by
screening soil micro organisms especially
actinomycetes .synthetic antibiotics are la-
boratory designed drugs created to fight in-
fections, especially those resistance to tra-
ditional treatments .New classes like ibox-
amycin have been developed to target multi
resistance bacteria.Synthetic antibiotics can
disrupt bacterial membranes ,inhibit cell
wall biosynthesis or interfere with essential
proteins .some synthetic antibiotics are ef-
fective against bacteria with resistance
genes that render other drugs ineffective
and certain designs show a low probability
of resistance development due to poor
bscterial penetration and lack of new clas-
ses. Al models including explainable deep
learning are used to predict antibiotic activ-
ity, identity promising chemical structures
and accelerate compound screening. But
target based high throughput screening has
limited success. Advances in genomics al-
low to identify biosynthetic gene clusters in
both culturable and unculturable bacteria ,
revealing new potential antibiotics.

MECHANISTIC AND MOLECULAR
INSIGHTS

MECHANISM OF ACTION AND RE-
SISTANCE :-
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A molecular perspective on antibiotic evo-
lution.

The gram-positive bacteria consists of cy-
toplasmic membrane surrounded by a tough
rigid mesh called cell wall .In contrast,
gram negative bacteria consists of thin cell
wall that is surrounded by a lipid membrane
known as outer membrane. The space be-
tween outer membrane and cytoplasmic
membrane is known as periplasm. The
outer membrane is a protective layer and
prevents many substance from entering into
the bacterium. However, this membrane
contains channels called porins, which al-
lows the entry of various molecules such as
drugs. The cell wall is the tough layer that
gives bacterium a characteristic shape and
prevents it from osmotic and mechanical
stresses . The cytoplasmic membrane pre-
vents ions from flowing into or out of the
cell and maintains the cytoplasmic and bac-
terial components in definite shape. The
mechanism of antibiotics are classified
based on their action .Inhibition of cell wall
synthesis e.g beta lactams .Disruption of
protein synthesis e.g tetracyclines and ami-
noglycosides . Interference with nucleic
acid synthesis e.g fluoroquinolones .Dis-
ruption of cell membrane integrity e.g
polymixins .Inhibition of metabolic path-
way e.g. sulfonamides.

MECHANISM OF ANTIMICROBIAL
RESISTANCE:

Prevention of accumulation of antimicrobi-
als either by decreasing uptake or increas-
ing efflux of the antimicrobial from the cell
i.e. changes in outer membrane permeabil-
ity. Drug molecules to a cell can be trans-
ferred by diffusion through the bilayer and
by self-uptake. The porin channels are lo-
cated in outer membrane of gram-negative
bacteria .The small hydrophilic molecules
like beta lactams and quinolones can cross
the outer membrane only through porins .
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The decrease in number of porin channels
lead to decrease in entry of beta lactam an-
tibiotics and FQ into the cell, hence re-
sistance to these classes of antibiotics . Ac-
quired resistance to all the antibiotic classes
in pseudomonas aeruginosa to low outer
membrane permeability. These includes en-
zymatic inactivation or modification of the
antibiotics, alteration of antibiotic targets to
reduce drug binding , reduced permeability
or increased efflux to prevent antibiotic ac-
cumulation , bypass of metabolic pathways
targeted by antibiotics , target protection
where proteins shield the antibiotics target.
Dual mechanism antibiotics and alternative
therapies e.g phage therapy and CRISPR
based strategies are being explored to over-
come resistance

TARGETING THE BACTERIAL CELL
WALL:

ADVANCES IN BETA-LACTUM AND
GLYCOPEPTIDE ANTIBIOTICS

It mainly focuses on structural and func-
tional development of cell wall targeting
drugs. Targeting the bacterial cell wall is a
cornerstone of antibiotic therapy, as the cell
wall is essential for bacterial survival and
absent in human cells. This unique structure
makes it an ideal target for both traditional
and new anti-bacterial strategies, especially
in facing of rising anti-biotic resistance.
Key targets and its mechanism includes
peptidoglycan biosynthesis ,most antibiot-
ics targeting the cell wall disrupt pepti-
doglycan synthesis ,which is a critical
component for bacteria rigidity and sur-
vival. enzymes such as penicillin binding
proteins are targets with beta-lactams and
glycopeptides. teichoic acids and other
components includes in gram -positive bac-
teria , teichoic acids and related enzymes
are also targeting for new drugs. Few agents
includes like proteinaceous agents e.g bac-
teriocins ,phage lysins, and engineered pro-
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teins are being developed to selectively dis-
rupt bacterial cell walls offering alterna-
tives to traditional small molecule antibiot-
ics. Peptide antimicrobials include host de-
fence peptides and bacteriocins can target
various steps in cell wall synthesis provid-
ing new avenues for overcoming resistance.
Chemical probes and imaging includes flu-
orescent and radiolabeled probes targeting
cell wall components are advancing bacte-
rial detection and infection imaging. But it
also has some cons that is resistance mech-
anism where bacteria develop resistance
through enzyme modification efflux
pumps and cell wall recycling ,complicat-
ing therapy and necessitating new inhibitor
strategies . The next is gram negative barri-
ers the outer membrane of gram negative
bacteria limits drug access making the cell
wall targeting more challenging .Key chal-
lenges are to overcome resistance and ad-
dressing gram-negative barriers for future
therapies.

RESISTANCE AND CHALLENGES:

ANTIBIOTIC RESISTANCE: DRIV-
ERS, TRENDS AND GLOBAL
HEALTH THREATS

Anti-biotic resistance is a rapidly escalating
global health threat ,undermining the effec-
tiveness of treatments for bacterial infec-
tions and endangering public health world-
wide. The rise of resistance bacteria is
driven by complex, interconnected factors
spanning human,animal and environmental
domains and is projected to cause millions
of deaths annually if not urgently ad-
dressed.Major causes of antibiotic re-
sistance are

1.overuse and misuse:

Excess and inappropriate use of anti-
biotics in healthcare and animal husbandary
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is the primary driver,creating strong selec-
tive pressure for resistant strains.

2.Environmental spread:

Antibiotic residues and resistant bacte-
ria enter the environment through waste
water ,agriculture and improper disposal
,facilitating the spread of resistance gene.

3.Globulization:

Increased level ,trade and migration
accelerate the global dissemination of re-
sistant bacteria.

4.Lack of new drugs:

Pharmaceutical investment in new anti-
biotic is lagging ,leaving few options to
combat emerging resistant pathogen.

A significant proportion of resistant genes
confer resistance to multiple antibiotic clas-
ses,compounding the threat. Antibiotic use
has surged globally, especially in low and
middle income countries with consumption
rates converging towards those in high in-
come countries.resistance rates are high in
regions with high antibiotic use and poor
regulation , but even countries with lower
use face rising resistance due to global in-
terconnections. Resiatance threatens the
safety of surgeries ,cancer treatments and
care for poople.Antibiotic resistance infec-
tions cause higher rate of illness,death and
healthcare costs with an estimated 4.95 mil-
lion deaths in the year of 2019. Resistance
could push millions into extreme poverty
by 2030 due to increased healthcare costs
and low productivity.

THE ANTIBIOTIC PIPELINE CRISIS:
WHY ANTIBIOTICS AREN’T BEING
DEVELOPED:

The development of new antibiotics has
slowed dramatically in recent decades ,de-
spite the urgent need to cambat rising anti-
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biotic resistance. The main reasin is eco-
nomic developing antibiotic is expensive
and offers poor financial returns ,leading
most large pharmaceutical companies to
abandon in this area. Economic challenges
are feveloping a new antibiotic can cost
over 1 billion dollar but antibiotics are typ-
ically used for short courses and are often
reserved to slow resistance ,limiting sales
and profits ,this makes it hard for compa-
nies to recoup their investment ,especially
compared to drugs for chronic conditions or
rare disease.Another challenge is that the
traditional market driven models does not
work for antibiotics .The need to limit use
of new antibiotics (To preserve their effec-
tiveness) further reduces potential reve-
nue,discouraging investment.Scientific and
technical factors includes most new antibi-
otics in development are modifications of
existing drugs, with few truly novel classes
reaching late stage trial tests. There have
been advantages in understanding bacterial
biology,genomics and new drug discovery
methods.

ESKAPE pathogens and the antibiotic re-
sistance challenge:

ESKAPE pathogens Enterococcus faecium
,Staphylococcus aureus ,Klebsiella pneu-
moniae Acinetobacter baumannii ,Pseudo-
monas aeruginosa and Enterobacter species
are a major global health threat due to their
ability to develop resistance to multiple an-
tibiotics .The resistance limits treatment op-
tions ,increased disease burden and raises
mortality rates making the fight against
these disease control. ESKAPE pathogens
use diverse mechanisms to evade antibiot-
ics ,including producing enzymes that de-
grade drugs e,g beta lactamases altering
drug targets increasing efflux pumps and
forming biofilms that shield them from
treatment .biofilm formation is especially
important as it enhances survival and re-
sistance,particularly against last resort anti-
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biotics .Resistance genes are often carried
on mobile genetic elements, allowing rapid
spread within and between species.Infec-
tions by ESKAPE pathogens are linked to
higher morbidity ,moetality and healthcare
costs compared to infections by susceptible
bacteria.Resistance rates have risen dramat-
ically inrecent years especially in countries
with high antibiotic use and less stringent
controls .New antibiotics and beta lac-
tamase inhibitors have been introduced but
resistance can develop rapidly even to
drugs still in development .Combination
therapies ,alternative agents (e.g antimicro-
bial peptides ,bacteriophages ,plant derived
compounds ) and novel diagnostics i.e ma-
chine learning based nanosensors are being
explored.

NOVEL APPROACHES AND FUTURE
DIRECTIONS NEXT GENERATION
ANTIBIOTICS:

The rise of antibiotic resistance bacteria has
created an urgent need for next generation
antibiotics. Traditional antibiotics are los-
ing effectiveness and new approaches are
being developed to address resistance im-
prove specificity and reduce side effects
Next generation antibiotics aim to over-
come the limitations of older drugs and of-
fer hope in the fight against multidrug re-
sistance .New antibiotics are being de-
signed to target specific pathogens, reduc-
ing harm to beneficial microbiota and low-
ering the risk of resistance ,Innovations in-
clude bacteriophage therapy ,CRISPR case
based antimicrobials and microbiome de-
rived agents which can be programmed for
grater precision and adaptability. Antimi-
crobial peptides are small proteins from
various organisms that kill bacteria rapidly
and less likely to induce resistance .They
show promise against multidrug resistance
strains and being optimised for clinical use
though challenges like toxicity and stability
remain.combining two antibiotics or an an-
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tibiotic with an adjuvant such as efflux
pump inhibitors can enhance effectiveness
to overcome especially in gram negative
bacteria.challenges includes toxicity and
stability,regulatory and economic barriers
,personalised and precision therapies.

ANTIBIOTICS IN THE AGE OF GE-
NOMICS AND SYNTHETIC BIOL-
OGY:

Advances in genomics and synthetic biol-
ogy are transforming how antibiotics are
identified ,engineered,and produced offer-
ing hope for overcoming current limitations
and combating multidrug resistant patho-
gens .genome mining and sequencing have
revealed a vast number of biosynthetic gene
clusters in microbes ,many of which encode
for previously unknown or cryptic antibiot-
ics.these tools allow researchers to pre-
dict,prioritize and activate new antibiotic
pathways.Synthetic biology enables the de-
sign,construction and optimization of bio-
logical systems for antibiotic produc-
tion.creating synthetic antimicrobial pep-
tides and modifying existing antibiotic
scaffolds to enhance activity and reduce re-
sistance.Developing engineered probiotics
and bacteriophages as novel therapeutic
strategies.Integration of genomics ,syn-
thetic biology and chemical biology in-
cludes identification of essential bacterial
targets,elucidates mechanisms of action
and supports rational design of new antibi-
otics.This integrated approach is expanding
chemical diversity and improving the
chances of finding effective drugs against
resistant bacteria.

PHAGE THERAPY :

phage therapy the use of bacteriophages to
target and destroy bacteria is experiencing
a resurgence as antibiotic resistance be-
comes a global health crisis .Beyong simply
replacing replacing antibiotics, phage ther-
apy is evolving with new scientific ad-
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vances ,offering innovative approaches to
infection control and even broader medical
applications. Phages and viruses that spe-
cifically infect bacteria,making them highly
targeted antibacterial agents.They can be
used alone or in combination with antibiot-
ics and are especially valuable for treating
multidrug-resistant infections where other
options have failed.Recent clinical success
and ongoing trials highlight their potential
but challenges remain in standartising dos-
ing ,delivery and regulatory ap-
proval.Phage-antibiotic combination en-
hance effectiveness and reduce resistance
.Enzymes from phage can break down bac-
terial cell wall and biofilms offering new
therapeutic tools.Phages are being explored
for vaccine development ,cancer therapy
and as gene delivery vectors.

NANOTECHNOLOGY AND ANTIBI-
OTICS:

Nanotechnology is emerging as a powerful
tool in the fight against antibiotic resistance
,offering new ways to treat infections ,en-
hance antibiotic effectiveness and even re-
place traditional antibiotcs .By leveraging
the unique properties of materials at the na-
noscale ,researchers are developing innova-
tive strategies to address the growing threat
of multidrug resistant bacteria.lt provides
direct antibacterial action such as sil-
ver,zinc oxide and other metals can kill bac-
teria through multiple mechanisms includ-
ing disrupting cell membranes, generating
reactive oxygen species and releasing metal
ions .These multi-targeted actions make it
bacteria to develop resistance .Penetrate
and breakdown biofilms and making infec-
tions treatable .Nanocarriers improve the
delivery stability and targeting of antibiot-
ics ,increasing their effectiveness and re-
ducing their side effects. Aditionally, nano-
technologyis being explored for the deliv-
ery of antimicrobial peptides and the devel-
opment of advanced diagnostic tools ,fur-
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ther broadening its impact in combating in-
fections.While the potential is significant
challenges remain regarding the safety ,reg-
ulatory approval and large scale clinical ap-
plication of these technologies.

CLINICAL AND REGULATORY PER-
SPECTIVES

CLINICAL TRIALS IN ANTIBIOTIC
DEVELOPMENT:

Clinical trials are a critical step in develop-
ment of new antibiotics ,especially as re-
sistance to existing drugs continues to
rise.Most new antibiotics are evaluated in
phase 2 and 3 clinical trials ,often using non
-inferiority designs ,which aim to show that
the new drug is not worse than existing
treatments for common infections such as
pneumonia ,skin and soft tissue infec-
tions.These trials frequently do not include
patients with infections caused by multi-
drug -resistance organisms,The majority of
recently approved antibiotics are modifica-
tions of existing drug classes rather than en-
tirely new classes,Innovative trial de-
signs,such as adaptive and organisms -spe-
cific trials are being proposed to better as-
sess efficacy with patients with resistance
infections.Preclinical,pharmacokinetic and
pharmacodynamic studies and non -inferi-
ority clinical trials play crucial roles in de-
velopment of new antibacterial agents,with
tetracyclines,carbapenems and cephalo-
sporins.

ANTIBIOTIC STEWARDSHIP AND
ITS ROLE IN DRUG DEVELOP-
MENT:

Antibiotic stewardship and drug develop-
ment are critical strategies in fight against
antibiotic resistance ,a growing global
health threat .stewardship programs aim to
optimize antibiotic use to preserve their ef-
fectiveness,while drug development seeks
to introduce new antibiotics to address re-
sistant infections .It have consistently
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shown to reduce inappropriate antibiotic
use,lower rates of antibiotic-resistant infec-
tions and decreased healthcare costs in both
hospital and community settings.Imple-
mentation of stewardship programs faces
unique challenges in low and middle in-
come countries ,including limited diagnos-
tic resourses ,regulatory gaps and the need
for context specific inventions.It have been
shown to reduce the incidence if multidrug-
resistant organisms and Clostridium dif-
ficile infections. However ,the reduction in
antibiotic use can impact the market incen-
tives for pharmaceutical companies to de-
velop new antibiotics, The key outcomes
are reduced antibiotic consumption ,lower
rates of resistance infections and improved
patient outcomes.

THE ROLE OF MICROBIOTA IN AN-
TIBIOTIC EFFECTIVENESS AND RE-
SISTANCE DEVELOPMENT:

The human microbiota ,especially in the gut
,plays a crucial role in both the effective-
ness of antibiotics and the development of
antibiotic resistance.Antibiotics can disrupt
the balance of microbiota ,reducing its abil-
ity to protect against pathogenic bacteria a
phenomenon known as colonization re-
sistance thereby increasing susceptibility to
infections ,including those caused by mul-
tidrug resistant organisms.The gut microbi-
ota acts as a reservoir for antibiotic re-
sistance genes. Overuse and misuse of anti-
biotics as well as environmental expo-
sure,accelerate these processes, leading to
long term health consequences and making
infections hard to treat .Restoration of a
healthy microbiota ,through inventions
such as fecal microbiota transplantation or
next generation probiotics,is being ex-
plored as a strategy to re-establish coloni-
zation resistant pathogens,though these ap-
proaches require further refinement and
standardisation.
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REPURPOSING EXISTING DRUGS
AS ANTIBIOTICS:

Repurposing existing drugs as antibiotics is
an increasingly important strategy to ad-
dress the urgent threat of antimicrobial re-
sistance ,as it leverages the established
safety profiles and pharmacological data of
approved drugs to accelerate the develop-
ment of new treatments for multidrug re-
sistant bacteria.This approach has identi-
fied several non-antibiotic drugs such as an-
ticancer,antipsychotic ~and antidiabetic
agents that show antibacterial activity or
can enhance the effect of traditional antibi-
otics sometimes disrupting bacterial bio-
films or inhibiting resistance mecha-
nisms.Combination therapies using repur-
posed drugs and conventional antibiotics
can reduce required dosages,migrate side
effects and slow resistance development
.Notable success includes the use of metfor-
min as an adjuvant to boost the efficacy of
antibiotics against pathogen.PROS include
cost effective and faster clinical transla-
tion.CONS includes potential-off target ef-
fects,toxicity,regulatory hurdles and limited
commercial incentives.

CONCLUSION:

The development of antibiotics represents
significant achievements in medical his-
tory. Transforming once deadly infections
into manageable conditions.Antibiotics
have revolutionized in healthcare ,saving
millions of life and enabling complex med-
ical condition and procedures. Despite the
widespread has led to emergence of antibi-
otic resistance ,causes a major global health
threat. This challenges underscores the ur-
gent need for responsible antibiotic use ,
ongoing research is going on into new anti-
microbial agents and global coorperation to
develop sustainable strategies.The future
antibiotics depends on scientific innovation
and also effective public health policies and
global awareness.
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